Lipoprotein lipase activity in adipose tissue responds rapidly to changes in the physiological state. To study what mechanisms are involved in the regulation, guinea pigs were fasted and the decrease in adipose-tissue lipoprotein lipase activity was compared with the decreases in mRNA and lipase synthesis. The mRNA pattern (three species) did not change. There was a close parallelism between the abundance of lipase mRNA and relative lipase synthesis (immunoprecipitable 35S-labelled lipoprotein lipase as fraction of total [35S]protein after pulse-labelling with [35S]methionine). Total protein synthesis decreased on fasting, compounding the decrease in relative lipase synthesis. Lipoprotein lipase mRNA changed similarly in fatpads and in isolated adipocytes, whereas lipase activity changed more in the pads, indicating disproportionally large changes in extracellularly located lipase. In old guinea pigs the decreases in lipoprotein lipase activity and lipase synthesis were comparable, but in young animals the change in lipase activity was substantially larger than the change in lipase synthesis. Refeeding of fasted young guinea pigs with glucose resulted in a rapid increase in lipoprotein lipase activity, but there was only a small change in lipase mRNA. Old animals responded slowly to refeeding. The results indicate that in older animals the major mechanism for regulation of adipose. lipoprotein lipase activity is a relatively slow change in lipase mRNA, whereas in younger animals an additional, more rapid, regulation is exerted on the transport and turnover of the enzyme.
INTRODUCTION
In adipose tissue lipoprotein lipase is synthesized in adipocytes, but is then transferred, by a yet unknown mechanism, to the vascular endothelium (reviewed in refs. [1] [2] [3] ). Here the enzyme hydrolyses triacylglycerols in lipoproteins (chylomicrons and very-low-density lipoproteins). The released fatty acids are taken up in adipocytes, where they are re-esterified into triacylglycerols or used for other metabolic processes. Thus local changes of lipoprotein lipase activity regulate the amount of lipoprotein fatty acids taken up by the tissues.
Lipoprotein lipase activity in adipose tissue responds rapidly to changes in the physiological state, e.g. feeding/ fasting [4] , cold adaptation [5] , physical exercise [6, 7] , lactation [8] and infections/tumours [9] . Hormones involved in the regulation include insulin, catecholamines, glucocorticoids and tumour necrosis factor (reviewed in refs. [4] and [9] ). It is not clear, however, what the molecular mechanisms of the regulation are. To study this we have used guinea pigs, since nutritional regulation of adipose-tissue lipoprotein lipase activity has a larger amplitude in this species than in the more studied rat or mouse models [10] . Results indicating that inactive forms of the enzyme could be recruited into active enzyme without synthesis of new protein had been reported by other groups [1 1-17] . Studies on the synthesis, processing and transport of the enzyme in adipocytes showed, however, that the enzyme becomes active soon after synthesis and travels a direct path out of the cell [18, 19] . These experiments give no evidence for major delay in a storage pool. There are several reports that the rate of lipoprotein lipase synthesis varies with nutritional and hormonal factors [20] [21] [22] , but this regulation does not appear to account fully for the changes in lipoprotein lipase activity [23] . Pulse-chase experiments have shown that only a fraction, often less than half, of newly synthesized lipoprotein lipase is released from the adipocytes [18, 24] . The rest is rapidly degraded in the cells. This provides an opportunity for regulation, by modulation of the fraction released versus that degraded. Such a possibility is supported by the finding that the amount of enzyme located extracellularly in the tissue undergoes more marked changes with nutritional state than does the intracellular lipoprotein lipase activity [1] [2] [3] [4] 10] .
In the present study we have compared changes of lipoprotein lipase activity in guinea-pig adipose tissue on fasting with the changes in its mRNA and in the rate at which the enzyme is synthesized. The results indicate that two mechanisms operate, control of enzyme synthesis and control of enzyme turnover.
MATERIALS AND METHODS

Materials
The antiserum used was the same as in our previous studies [10, 18, 25, 26] . It was raised in a rabbit, by using lipoprotein lipase purified from guinea-pig milk as antigen [27] . [26] . Isolation of RNA Total RNA was prepared by the method of Chirgwin et al. [30] . Briefly, the tissue was homogenized in 4 Mguanidinium thiocyanate. The homogenate was layered on a 5.7 M-CsCl cushion and centrifuged at 25°C (18 h at 94000g). The RNA pellet was collected. RNA concentration was calculated from the A260. Analysis of RNA Dot-blot dilution series were performed with glyoxylated total RNA preparations, on nitrocellulose filters saturated with 15 x SSC [31] , with a Bio-Rad dot-blot apparatus. Six dilutions were analysed for each RNA preparation. The blots were probed with a subclone of the lipoprotein lipase recombinant LPLA [32] , labelled with [OC-32PJdCTP by the 'oligo-labelling' technique [33] .
This probe corresponds to nucleotides 690-1240 in Fig. 1 of a previous publication by Enerback et al. [32] . This segment is located within the coding sequence of the mRNA and encompasses the C-terminal half of the mature protein. Pre-hybridization and hybridization were carried out under stringent conditions with 5000 formamide at 42°C [34] . Stringent post-hybridization washes were performed (0.100 SDS and 0.1 x SSC at 50°C). After exposure to X-ray film, the filters were cut and each dot was counted for radioactivity in a LKB /-scintillation counter. The radioactivity data were analysed by multiple regression analysis, and the best fit to a regression line was determined. The slopes of the regression lines were compared, as a measure of relative lipoprotein lipase mRNA abundance. For Northern-blot analysis, electrophoresis in a 1 00-agarose gel in 10 mMphosphate buffer, pH 7.0, was carried out after denaturation with glyoxal and dimethyl sulphoxide [35] . Glyoxylated RNA was then transferred on to nitrocellulose filters [36] . The blots were probed and hybridized as described for the dot-blots. To exclude loss and/or degradation of total RNA, all RNA preparations were tested for intact 28 S rRNA by Acridine Orange staining and analysed by Northern-blot analysis probing for lipoprotein lipase mRNA.
RESULTS
The first step in this research was to study the effect of changes in nutritional conditions on data, it can be calculated that about 25 % of the radioactive lipoprotein lipase synthesized by the fat-pads was in the adipocytes as isolated.
There was a close parallelism between the abundance of lipoprotein lipase mRNA and relative lipoprotein lipase synthesis in both adipocytes and fat-pads (Fig. 2) . There are several species of lipoprotein lipase mRNA in guinea-pig tissues. Northern-blot analysis of RNA from fat-pads and adipocytes of fed and fasted young and old guinea pigs showed that fasting did not cause any marked changes in the lipoprotein lipase mRNA patterns (Fig. 3) .
In the next set of experiments we studied the effect of refeeding fasted guinea pigs with glucose. Figs. 4(a) and 4(b) show examples of such experiments carried out with young guinea pigs. In both parts the fast resulted in a decrease of lipoprotein lipase activity, in Fig. 4(a) to about 3000 and in Fig. 4(b) to about 10% of the value in corresponding fed controls. In these experiments lipoprotein lipase mRNA abundance had decreased to 40-50 00. In both experiments glucose refeeding resulted in a rapid increase in lipoprotein lipase activity, which after 5 h exceeded that in fed controls. In Fig. 4(a) the increase was about 4-fold, and in Fig. 4(b) Figs. 4a and 4b) . After 5 h the activity was still only half or less of that in fed controls. The increases were less than 4-fold in both cases. There were only small (not significant) changes in lipoprotein lipase mRNA.
The above experiments indicated that in young guinea pigs changes in lipoprotein lipase synthesis were not sufficient to explain the rather large changes in lipoprotein lipase activity in the fat-pads. There was, however, lipase were most likely caused by the changes in lipoprotein lipase mRNA. For total synthesis of lipoprotein lipase, however, the changes in mRNA were compounded by changes in general protein synthesis. Fasting consistently decreased lipoprotein lipase mRNA markedly in the older guinea pigs. In the young guinea pigs, on the other hand, the response varied and in some experiments the decrease was small. These results suggest that with age adipocytes acquire an ability to down-regulate lipoprotein lipase mRNA in response to fasting, whereas in young animals this parameter is less responsive to nutritional variations.
In the young animals glucose refeeding caused a rapid increase in lipoprotein lipase activity, despite little change in lipoprotein lipase mRNA. The difference in adipose lipoprotein lipase activity between fed and fasted animals concerns primarily extracellularly localized lipoproteinlipase [2, 10] , and there are reports that insulin can increase release of lipoprotein lipase from adipocytes [17, [38] [39] [40] . Recent studies indicate that the lipoprotein lipase which is not secreted is rapidly degraded within the adipocytes [18, 24, 41] . Enhanced secretion would lead to increased total lipoprotein lipase in the tissue, by rescuing some of the newly synthesized enzyme from degradation. Results supporting such a mechanism have been obtained in experiments with rat fat-pads. Olivecrona et al. [42] found that incorporation of [35S]methionine into immunoprecipitable lipoprotein lipase was initially similar in fat-pads from fed and fasted rats, but with time substantially more radioactivity was recovered from the pads from fed animals, indicating that less of the newly synthesized lipoprotein lipase had been degraded. Ball et al. [43] found that adrenaline increased degradation of newly synthesized lipoprotein lipase in rat fat-pads, explaining, at least in part, the lower lipoprotein lipase activity found in these pads compared with controls. It is plausible that such changes in the partitioning of newly synthesized lipoprotein lipase between release and degradation is the mechanism behind the more pronounced changes in lipoprotein lipase activity compared with lipoprotein lipase synthesis demonstrated here in the young animals. Whatever the mechanism is, our data indicate that it is more important in young animals; in older guinea pigs adipose lipoprotein lipase activity was less responsive to refeeding.
In culture some fibroblast-like cells can be committed into a pre-adipocyte state [44] and express early adipocyte markers in a reversible manner [45] [46] [47] . Lipoprotein lipase is such an early marker, and its expression precedes accumulation of lipid in the cells [48] . On continued development the cells divide once, which appears to lock in the adipocyte state, and allow appearance of a number of late markers [49] . Presumably corresponding populations of cells are present in adipose tissue. In fact isolation of different cell types from adipose tissue has shown that lipoprotein lipase is produced both in fatfilled adipocytes [4, 10, 11, 17] , and in relatively fat-poor pre-adipocytes [50] [51] . It 
